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June 30, 2006 
 
 
Mr. Peter H. Rice, P.E. 
City Engineer, Water & Wastewater 
Public Works Department 
680 Peverly Hill Road 
Portsmouth, New Hampshire 03801 
 
Subject: Water Reuse Feasibility Study 
 
Dear Mr. Rice: 
Enclosed are six copies of the Final Water Reuse Feasibility Report. This report has 
incorporated your review comments on the Draft Report. This study outlines the steps 
required and infrastructure improvements needed to provide 300,000 gpd of reclaimed water 
to the Pease Golf Course. The report discusses the likely improvements necessary at both the 
golf course and Pease Wastewater Treatment to produce effluent of a suitable quality for 
reuse.  The report also provides preliminary transmission piping layouts and an estimate in 
2006 dollars of the project implementation cost. 
Please call me at (603) 222-8300 with any questions or to set up a meeting to discuss the 
study contents. 
Very truly yours, 
 
Donald B. Freeman, P.E. 
Associate 
Camp Dresser & McKee Inc. 
 
cc: W. Pauk, CDM 
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 Executive Summary 
 
Background 
The use of reclaimed water in the southern and western parts of the United States has 
been common practice for over 40 years. These water short areas have realized the 
value of utilizing highly treated wastewater (reclaimed water) and consider it a 
resource rather than a disposal problem. Growth impacts on drinking water supplies 
in New England, and specifically in Portsmouth, have now brought this concept to 
New Hampshire. 
Currently the Pease Golf Course is using approximately 200,000 to 300,000 gallons per 
day (gpd) of potable water for irrigation in the summer months. The City of 
Portsmouth supplies this potable water from the municipal distribution system. This 
use is significant, and with projected growth development in the area, future potable 
water demands will continue to escalate making it prudent to investigate alternate 
water sources to supplement golf course irrigation water and other large scale non-
potable uses.  
The City of Portsmouth owns and operates the 1.2 million gallon per day (mgd) Pease 
Wastewater Treatment Facility (WWTF) which accepts wastewater flows from several 
businesses at the Pease International Tradeport. This facility currently discharges 
treated effluent to the Piscataqua River. This Reuse Feasibility Study evaluates the 
possibility of providing reclaimed water from the Pease WWTF to the Pease Golf 
Course for irrigation source water and to other potential users. 
Use of reclaimed water provides several environmental benefits including 
preservation of valuable potable water, provides a means to recharge the 
groundwater table rather than simply discharging the treated effluent to the 
Piscataqua River, reduces the fertilizer (nitrogen) demand at the golf course, and will 
provide a net positive improvement to the estuarine water quality in the watershed 
by applying the nutrients in the effluent to the turf on the golf course instead of into 
the river. 
Regulatory Requirements 
There are currently no reclaimed water quality standards or guidelines adopted by 
the New Hampshire Department of Environmental Services (NHDES).  Prior to 
implementation of a full-scale reuse project, the NHDES and the City of Portsmouth 
will have to agree on the quality standard for reclaimed water. For the purposes of 
this feasibility study, we assumed the following criteria will apply to all water 
pumped to the golf course site and reused for irrigation source water. 
? Treatment processes must include secondary treatment, filtration, and high-level 
disinfection 
? Total Suspended Solids (TSS) less than or equal to 5 mg/l 





? Turbidity less than or equal to 2.0 NTUs 
? The 7-day median fecal coliform count must be non-detectable with no single 
sample greater than 14 colonies/ 100 ml. 
? Total nitrogen less than 10 mg/l. 
The above criteria are conservative and were recently adopted by the Commonwealth 
of Massachusetts. A comparison of other state reclaimed water quality standards can 
be found in the EPA’s 2004 Guidelines for Water Reuse which provides guidance for 
those states without regulations or guidelines. 
Infrastructure Requirements 
There are several variations of process equipment possible to achieve the above 
criteria for reclaimed water. A separate facility plan for the Pease WWTF is planned 
for the Fall of 2006 and all feasible reuse treatment alternatives should be evaluated at 
that time.  
For the purposes of this feasibility study, only one alternative was considered for the 
WWTF and that included installation of cloth disk filters, in-line ultraviolet (UV) 
disinfection and reclaimed water pumping.  Additionally improvements would be 
required at the golf course to implement reuse.  These would include: 
? A new 12-inch reclaimed water main from the Pease WWTF to the intersection of 
Rye Street and International Drive; 
? A new 8-inch reclaimed water main from this intersection to the existing 18-hole 
golf course irrigation pumping house located adjacent to the Smith Well; 
? A new skid-mounted irrigation pumping system to supply the 18-hole golf course 
with reclaimed water; 
? Approximately 1,000-ft of new 8-inch reclaimed water main to re-configure the 
existing irrigation system for reclaimed water; 
? A reconfiguration of the back-up potable water supply; and 
? Possibly a larger reclaimed water storage tank. 
Construction of the above facilities could be done in phases to lessen the financial 
impact with the golf course included in Phase I and other users such as Lonza 
Biologics in Phase II.  The estimated project cost for Phase I is between $3.1 million 
and $4.5 million depending on whether the City constructs a new 1.0 MG storage tank 
or elects to reuse the existing 0.25 MG storage tank. Phase II which expands the reuse 
water to Lonza Biologics will add an additional $1.1 million for a total project cost 
between $4.2 million and $5.6 million.  






Most proposed reuse projects implemented to date in New England have not been 
done so for purely cost-effective reasons.  New England projects have been 
constructed because other influencing drivers make them attractive to municipalities 
and users.  These drivers have included golf course water withdrawal restrictions 
imposed by regulators, municipal treatment plants looking for more effluent disposal 
capacity and hence another disposal source, and regulators looking to reuse as a 
means to recharge a stressed groundwater aquifer rather than continuing to allow 
discharge to a surface water. 
Portsmouth’s case is no different in the short term.  Currently it is less costly to 
continue to provide potable water to the golf course than it will be to construct the 
infrastructure necessary to provide reclaimed water.   In the long term, however, 
other environmental and institutional factors will likely make this project more 
attractive.  Specific factors that should be considered when evaluating moving reuse 
forward include the following: 
? Cost of development of a new water source is significant.  Pursuing reuse may 
postpone or eliminate this need.  
? Availability of reclaimed water could attract high-water use companies to the 
Tradeport thereby creating jobs and increasing the tax base. 
? Applying reclaimed water to the golf course will reduce the need for nitrogen 
enriched fertilizers at the golf course.  This reduces the nitrogen levels to the 
groundwater (and hence improves the water quality in the zone of influence to the 
Haven and Smith Wells). 
? Applying reclaimed water to the golf course recharges the zone of influence to the 
Haven and Smith Wells rather than simply discharging the water to the river, 
which could potentially increase the capacity of these supply sources. 
? Applying reclaimed water to the golf course reduces nitrogen loading to the 
Piscataqua River and the surrounding estuarine environment. 
The above factors are difficult at this time to mathematically incorporate into a cost 
effective analysis, but need to be considered carefully when evaluating whether or not 
to pursue reuse at the Pease WWTF. The decision to move forward with reuse needs 
to be a joint policy decision by the City and the Pease Tradeport Authority with a 
focus on long-term goals and opportunities rather than only short-term costs. 
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 Section 1 
Introduction 
 
1.1 Background and Purpose 
The use of reclaimed water in the southern and western parts of the United States has 
been common practice for over 40 years. These water short areas have realized the 
value of utilizing highly treated wastewater (reclaimed water) and consider it a 
resource rather than a disposal problem. Growth impacts on drinking water supplies 
in New England, and specifically in Portsmouth, have now brought this concept to 
New Hampshire. 
Currently the Pease Golf Course is using approximately 200,000 to 300,000 gallons per 
day (gpd) of potable water for irrigation in the summer months. The City of 
Portsmouth supplies this potable water from the distribution system. This use is 
significant, and with growing development in the area future potable water demands 
will continue to escalate making it prudent to investigate alternate water sources to 
supplement golf course irrigation water and other non-potable uses.  
The City of Portsmouth owns and operates the 1.2 million gallon per day (mgd) Pease 
Wastewater Treatment Facility (WWTF) which accepts flows from several businesses 
at the Pease International Tradeport. This facility currently discharges treated effluent 
to the Piscataqua River. This Reuse Feasibility Study evaluates the possibility of 
providing reclaimed water from the Pease WWTF for use as irrigation source water 
by the Pease Golf Course. 
Use of reclaimed water provides several environmental benefits including 
preservation of valuable potable water, provides a means to recharge the 
groundwater table rather than simply discharging the treated effluent to the 
Piscataqua River, reduces the fertilizer (nitrogen) demand at the golf course, and will 
provide a net positive improvement to the estuarine water quality in the watershed 
by applying the nutrients in the effluent to the turf on the golf course instead of into 
the river. 
1.2 New Hampshire Estuaries Project Grant 
The City of Portsmouth is funding a portion this study in part through a grant from 
the New Hampshire Department of Environmental Services (NHDES) Estuary Project. 
NHDES issued a Request for Proposals in July 2004 and Portsmouth responded with a 
scope of work to perform this feasibility study. The project was subsequently selected 
by a NHDES review team to receive grant funding. The NHDES approval letter is 
included in Appendix A. 
1.3 New Hampshire Reuse Water Quality Standards 
Currently in New Hampshire there are no large-scale reuse projects in operation and 
the NHDES has no established guidelines or regulations in place to govern the use of 




reclaimed water. There are three golf courses in New Hampshire that supplement 
irrigation water with treated wastewater, but in each case the irrigation water is 
diluted with either ground water or stormwater runoff. NHDES permitting and 
approval of each project was handled on an individual basis. The proposed project at 
the Pease WWTF and Pease Golf Course would break new ground in New Hampshire 
as reclaimed water would be used as the sole source of irrigation water with potable 
water used as a back up irrigation source. 
Standards for reclaimed water quality vary by state and by type of reuse. The EPA’s 
2004 Guidelines for Water Reuse, prepared by CDM, includes a summary of all current 
state requirements. New Hampshire currently has no established requirements but 
will need to adopt some criteria, or interim criteria before this project can be 
implemented. The EPA guidelines provide guidance for those states that have not 
adopted reclaimed water regulations. 
The Commonwealth of Massachusetts recently went through a similar process and 
adopted the following effluent quality limits for reclaimed water used for golf course 
irrigation: 
? Treatment processes must include secondary treatment, filtration, and high-level 
disinfection 
? Total Suspended Solids (TSS) less than or equal to 5 mg/l 
? Turbidity less than or equal to 2.0 NTUs 
? The 7-day median fecal coliform count must be non-detectable with no single 
sample greater than 14 colonies/ 100 ml. 
A decision on whether a total nitrogen standard is to be included in the permit will 
also need to be determined. Nitrogen in reclaimed water has been shown to reduce 
the overall need for commercial fertilizer applications at golf courses. However, it is 
often simpler to meet a permit standard prior to reclaimed water application on the 
golf course. Typically in Massachusetts, where the Department of Environmental 
Protection currently permits reclaimed water projects under the groundwater 
discharge permit program, a permit limit for total nitrogen of 10 mg/l is utilized. In 
addition, according to the EPA 2004 Guidelines for Water Reuse, reclaimed water may 
be required to meet drinking water standards after percolating through the vadose 
zone. Since the Pease Golf Course is located above a productive aquifer, it can be 
assumed that any reclaimed water used for irrigation will need to meet a total 
nitrogen limit of 10 mg/l. There may be alternative ways to address these water 
quality criteria and the parties involved will all need to be part of the final decision 
process as the project develops further.  




If New Hampshire were to adopt similar effluent quality criteria to those listed above, 
the Pease WWTF would need, at a minimum, filtration and disinfection upgrades to 
meet these proposed criteria.  
1.4 Feasibility Study Outline 
Section 2 of this feasibility study includes a brief discussion of the existing Pease 
WWTF and the improvements that would likely be needed to reliably meet 
anticipated reclaimed water quality criteria.  
Section 3 of the study discusses the existing Pease Golf Course and describes 
infrastructure modifications that will be required there to accept reclaimed water as 
the irrigation water source. Additionally, Section 3 also identifies other potential users 
of reclaimed water in the Pease Tradeport area and what considerations must be 
addressed to distribute reclaimed water beyond just the golf course. 
Section 4 identifies conveyance alternatives and the costs associated with transporting 
reclaimed water from the source at the Pease WWTF to the end user, the golf course.  
Section 5 identifies possible permits and regulatory approvals that will likely be 
necessary before implementation of a reclaimed water project can be realized. 
Finally, Section 6 provides a brief summary of the study and a project cost effective 
analysis. 
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2.1 General 
The Pease WWTF was upgraded in the late 1980s to accommodate an average daily 
flow of 1.2 mgd with a peak flow of 4.0 mgd. Currently the average daily flow is 
approximately 0.75 mgd, but the flow is expected to increase as development in the 
Tradeport continues. The treatment processes include grinding and grit removal, 
primary clarification, secondary treatment using sequencing batch reactors (SBRs), 
disinfection in chlorine contact tanks using sodium hypochlorite, and dechlorination 
using sodium bisulfite. Ammonia is also currently being added to chloraminate the 
effluent to mitigate recent industrial waste that was interfering with the disinfection 
treatment process. 
Effluent discharge permit limits for Biochemical Oxygen Demand (BOD) and Total 
Suspended Solids (TSS) include average-monthly limits of 30 milligrams per liter 
(mg/l) and maximum-day limits of 50 mg/l for both. Disinfection fecal coliform limits 
are 14 colonies per 100 milliliters (ml). Although the NHDES has no established 
effluent discharge limits for reclaimed water, based on CDM’s experience in other 
states, discharge limits will need to be more stringent for any water that is to be 
reused for golf course irrigation.  
2.2 Anticipated Permit Limits 
As discussed in Section 1 there are currently no reclaimed water quality standards or 
guidelines adopted by NHDES. As part of this project, CDM met with officials of 
NHDES to brief them and get their feedback on likely effluent limits that might be 
acceptable. While NHDES was very receptive to the project, they were not in a 
position to commit to likely discharge limits at this time. 
Prior to implementation of a full-scale reuse project, the NHDES and the City of 
Portsmouth will have to agree on the quality standard for the reclaimed water. It is 
likely that the final decision on these limits will take several months to establish 
requiring additional education and input from impacted stakeholders. Therefore, for 
the purposes of this feasibility study, we will assume the following criteria will apply 
to all water pumped to the golf course site and reused for irrigation water. 
? Total Suspended Solids (TSS) less than or equal to 5 mg/l 
? Turbidity less than or equal to 2.0 NTUs 
? The 7-day median fecal coliform count must be non-detectable with no single 
sample greater than 14 colonies/ 100 ml. 
? Total nitrogen less than 10 mg/l. 
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The above criteria are conservative and were recently adopted by the Commonwealth 
of Massachusetts. A comparison of other state reclaimed water quality standards can 
be found in the EPA’s 2004 Guidelines for Water Reuse. 
2.3 UV Disinfection Pilot Study 
An ultraviolet light (UV) Disinfection Pilot Study was conducted by Underwood 
Engineers and Dr. James P. Malley, Jr. in March 2006 at the Pease WWTF. The study 
was conducted in response to high fecal coliform discharges at times when chlorine 
residual concentrations were also high and adequate detention time was available. 
The thought was that chemical discharges from local industry may be interfering with 
the chlorine disinfection process and the City wanted to know if UV disinfection 
would be a more suitable alternative. 
Data for the pilot study was compiled from August to October 2005. Table 2.1 is 
reproduced from the UV Pilot Study and includes facility flow, effluent BOD, effluent 
TSS and fecal coliform samples exceeding 14 colonies/100 ml. 
Table 2.1 
UV Pilot Study Average Results 
Month 
2005 







August 0.59 6.2 7.2 2 
September 0.54 10.6 6.2 6 
October 0.94 8.4 7.1 1 
 
During the pilot study, influent turbidity varied from 0 to 8 NTUs and UV 
transmittance varied from 55 to 77 percent. 
The pilot study concluded that UV disinfection was an appropriate method for 
disinfection. Dosage requirements need to be varied based on UV transmittance, 
degree of bulb fouling, and flow rate. The study was conducted based on meeting a 
maximum-day permit limit of 14 colonies/100 ml. The UV Pilot Study recommended 
a single channel design with three banks of UV lamps at a dose of 65 mWs/cm2. 
These recommendations were based on disinfecting the entire facility peak flow of 4 
mgd to achieve a fecal coliform limit of 14 colonies/100 ml over a 30-day geometric 
mean. The estimated cost for a UV disinfection system for the entire facility flow was 
$1.7 million. 
Dosage requirements will likely need to be greater to meet the anticipated reclaimed 
water quality criteria, however flows will be considerably less for a disinfection 
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system designed for reuse.  The influent turbidity levels of 8 NTUs and UV 
transmittance of 55 percent will impact UV performance so it will be necessary to 
pilot test the proposed system during the design process to ensure adequate dosages 
are provided.    
2.4 Process Improvements Necessary to Meet Reclaimed 
Water Quality Criteria 
There are a number of process improvements and variations of equipment possible to 
achieve quality criteria suitable for reclaimed water. A separate facility plan for the 
Pease WWTF is planned for the Fall of 2006. If the City decides to pursue use of 
reclaimed water further, that facility plan should identify and evaluate all feasible 
treatment alternatives and make formal recommendations for process upgrades.  
For the purposes of this feasibility study, only one feasible alternative was considered 
and costs estimated. This alternative is discussed below. 
2.4.1 Separate Reclaimed Water Treatment 
Current average day flow to the Pease WWTF is about 0.75 mgd. It is anticipated that 
golf course reuse will use a maximum of 300,000 gallons per day (gpd). Therefore, 
during the summer months the WWTF will still need to discharge more than half the 
daily flow to the Piscataqua River as is currently done. In the Winter months, the 
entire facility flow will still discharge to the Piscataqua River. 
Because initial reclaimed water usage will typically be less than half of the current 
facility flow, it is likely that filtration and disinfection systems sized specifically for 
reuse would be more cost effective than sizing new filters and UV disinfection 
equipment to meet stringent reclaimed water quality criteria for the entire facility 
flow. Additionally, a separate reclaimed water treatment system would allow facility 
operators to quickly put equipment on and off line in response to actual irrigation 
needs, thereby minimizing operation costs.  
2.4.2 Filtration 
Effluent filtration will likely be required as part of any reclaimed water system. The 
filtration process is required for virus removal and to lower solids concentrations so 
that the disinfection process is not inhibited.  Effluent TSS limits are anticipated to be 
5 mg/l and achieving this performance should be easily accomplished with 
installation of filtration. For the purposes of this study we have assumed filtration is 
accomplished by installation of a packaged disk filtration system such as the one 
manufactured by Aqua Aerobics Inc. As part of this project, CDM approached Aqua 
Aerobics for a preliminary design and price quotation for their AquaDisk tertiary 
filtration system. This information is included in Appendix B. 
The proposed package filtration system would include two filter disks rotating on a 
center shaft in a single tank. The system would come complete with automatic 
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vacuum backwashing and solids removal from the tank hopper. The filters would 
have a surface area of about 107 square feet and the tank would measure 
approximately 10 feet by 12 feet. The proposed filtration unit could be easily 
expanded by adding 2 additional filter disks to the shaft and tank should the demand 
for reclaimed water increase in the future. 
The filtration unit should be constructed inside a building to protect the equipment 
from the elements and to reduce algae growth caused from direct sunlight. A precast 
concrete building constructed on a slab could be an inexpensive way to house the 
filtration equipment. Size of the precast building would be about 16 feet by 20 feet. 
Currently at the Pease WWTF, SBR discharge is piped to equalization tanks which 
have been converted from secondary clarifiers. These tanks are used to dampen the 
rate of discharge from the SBRs so that downstream equipment can be sized for lower 
flow rates. A submersible pump on guide rails is installed in each equalization tank 
and these pumps discharge to the existing chlorine contact tanks. For the reclaimed 
water system, the existing equalization tanks could be retained and a new 300 gpm 
submersible pump installed in one tank. This pump would simply feed the packaged 
filtration system while the existing pumps would continue to feed the chlorine contact 
tanks. This way, only water needed for reuse would be pumped to the filters while 
excess water continues treatment as is currently done and is discharged to the 
Piscataqua River. 
Alternately, a submersible pump could be installed in the effluent end of the existing 
chlorine contact tanks to pump reclaimed water to the new disk filters.  Since this 
water will already have been disinfected, this alternate may have the advantage of 
being able to down size the UV disinfection equipment.  This alternative should be 
evaluated in detail during facility plan if reuse is pursued further. 
2.4.3 UV Disinfection 
High level disinfection will be required with effluent reuse. For the purposes of this 
study we have assumed disinfection is accomplished by installation of an in-line 
disinfection system such as the one manufactured by Sunlight Systems Inc. As part of 
this project, CDM approached Sunlight Systems, Inc. for a preliminary design and 
price quotation of their Sun Series disinfection system. This information is included in 
Appendix C. 
Sunlight Systems and Aqua Aerobics have teamed up on several reclaimed water 
projects throughout the country supplying filtered and disinfected water for golf 
course irrigation. For this proposed system, effluent discharging the packaged 
filtration system would enter a 10 or 12-inch diameter pipe and one of two UV 
vessels. Each UV vessel would be 64-inches long with 4 UV lamps in each vessel. The 
UV disinfection system would be installed in the same precast concrete building as 
proposed for the packaged filtration system and could be easily expanded in the 
future by adding additional vessels should the demand for reclaimed water increase.  
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Please note that the Sunlight disinfection system included in Appendix C is sized 
based on an effluent water quality of 23 colonies/100 ml (7-day average). This is 
currently the Restricted Urban Reuse quality criteria for the states of Hawaii, Nevada, 
and Washington. The States of Arizona and Texas have Restricted Urban Reuse 
quality criteria of 200 colonies/100 ml. If the state of New Hampshire does adopt the 
bacteria criteria discussed in Section 2.2, the Sunlight disinfection system described in 
Appendix C would be upgraded accordingly. 
2.4.4 Nitrogen Removal 
As discussed in Section 1, it is likely that reclaimed water will be required to meet a 
total nitrogen effluent limit of 10 mg/l.  A review of 2005 effluent data from the Pease 
WWTF indicates that effluent nitrite, nitrate, and TKN averaged 0.3, 4.0, and 5.8 mg/l, 
respectively; for a total nitrogen average discharge of 10.1 mg/l.  From this data it 
appears that facility performance is already within the anticipated reclaimed water 
discharge limits for total nitrogen.  It is also likely that further total nitrogen reduction 
could be achieved if necessary by altering the cycle time of the anoxic process in the 
SBRs. 
2.4.5 Reclaimed Water Pumping 
Unlike the current facility effluent which discharges by gravity to the Piscataqua 
River, reclaimed water used for irrigation will need to be pumped to storage facilities 
at the golf course (see Section 3). For the purposes of this study it is assumed that a 
simple submersible pumping station is installed at the treatment facility to provide 
the necessary transport. 
A below ground pumping station could be installed downstream of the UV 
disinfection system. Two submersible pumps on rails could be installed in the precast 
station similar to the pump recommended for the equalization tank. One pump 
would be adequate for pumping the required flow, but a second pump should be 
provided as a spare. Discharge piping to the golf course could follow several different 
routes and this is discussed in more detail in Section 4. 
2.5 Process Improvements Estimated Costs 
Table 2-2 presents an estimate of project costs to implement the improvements 
discussed in this Section 2. Please note that the following conditions apply to this 
Table 2-2.  
? All costs are in 2006 dollars without escalation (ENR=7691). 
? Contractor overhead and profit assumed at 17 percent. 
? Costs for storage upgrades and irrigation system modifications at the golf course 
are not included but are presented in Section 4. 
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? Costs for pipelines to transport reclaimed water to the golf course are not included 
but are included in Section 4. 
? No back up power costs are included as it is assumed that backup power will not 
be required as reclaimed water is not the main source of disposal. 
? Engineering and implementation (permitting) costs included at 20 percent for 
design and construction services. 
? Contingency included at 25 percent given the initial planning stages of this project. 
Costs presented Table 2-2 will be combined with pipeline, storage and irrigation 
system modification costs estimated in Section 4 to derive a project cost for this Reuse 
Feasibility Study. 
Table 2-2 
Process Improvements Estimated Costs 
 
Process Improvement Estimated Planning Level Costs 
Equalization Tank Pump and Piping $25,000 
Precast Concrete Building $200,000 
Filtration System $175,000 
UV Disinfection $75,000 
Effluent Pumping Station $175,000 
Subtotal $650,000 
Contractor Profit and Overhead (17%) $110,000 
Subtotal $760,000 
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In order to estimate reclaimed water demand and conveyance costs, potential users 
were identified. According to our discussion with the City’s Engineering Department, 
the primary reclaimed water user would be the Pease Golf Course. The City’s 
Engineering Department also wanted to identify other potential reclaimed water 
users in the Pease International Tradeport. Figure 3-1 shows the location of other 
potential users as well as the Pease WWTF.  
3.1 Pease Golf Course 
Portsmouth is home to one of the seacoast’s best public golf courses. The 27-hole 
Pease Golf Course could serve as prime location for applying reclaimed water for 
irrigation, while concurrently recharging the aquifer, reducing fertilizer requirements 
at the golf course, and reducing nutrient loads to the Piscataqua River.  
The Pease Golf Course is located within the Pease International Tradeport next to the 
Pease Airport (see Figure 3-1). The Pease Golf Course includes the original 18-hole 
course and a new 9-hole course plus a practice facility. Currently, both courses are 
irrigated with municipal water (potable water) via an 8-inch water main from the 
groundwater supply wells and treatment facility. The golf course is allowed to use 15 
million gallons (MG) of treated groundwater per year free of charge. Based on the 
meter records supplied by the water and sewer billing department, the golf course has 
used up to 25 MG of irrigation water in a single year, but typically uses less than 15 
MG (see Table 3-1).  
Table 3-1 
Pease Golf Course Irrigation Water Use 







April 0 0 0 0 
May 5,639,000 0 0 1,581,000 
June 1,397,000 2,093,000 3,475,000 1,895,000 
July 6,308,000 3,739,000 2,555,000 3,023,000 
August 7,663,000 4,604,000 2,633,000 4,339,000 
September 3,498,000 2,774,000 2,114,000 3,207,000 
October 637,000 704,000 1,234,000 366,000 
November 0 0 0 0 
Total 25,142,000 13,914,000 12,011,000 14,411,000 
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The 18-hole golf course is currently irrigated from a pumping station located next to 
the Smith Well. Water is pumped from the City of Portsmouth water system to 
irrigate the 18-hole golf course. The pumping station includes one 400 gpm pump 
controlled by a variable frequency drive (VFD). The new 9-hole golf course is 
currently irrigated from a pumping station located next to the 250,000 gallon above 
ground storage tank. Water from the 250,000 gallon tank is used to irrigate the new 9-
hole golf course and the storage tank is refilled during the day (typically from 10am to 
4pm) from the City’s water system. The pumping station includes one 400 gpm pump 
and one pressure maintenance pump. The 400 gpm irrigation pump is also controlled 
by a VFD.  
Reclaimed water could be pumped from the Pease WWTF to either the existing 
250,000 gallon storage tank or a new storage tank, which would then serve as the 
source of irrigation water for the golf course’s existing irrigation system. Backflow 
preventers would be provided to prevent mixing the reclaimed water with potable 
water.  According to our discussions with golf course staff, the average daily flow to 
the 18-hole golf course is between 150,000 to 175,000 gallons with a maximum of 
200,000 gallons. The average daily flow to the new 9-hole golf course is between 
70,000 to 85,000 gallons with a maximum of 100,000 gallons. Overall, the entire golf 
course uses an average of about 260,000 gpd during dry weather from June to August.  
Since the average irrigation flow for both golf courses is about equal to the existing 
above ground storage tank volume, installation of a new 1 MG storage tank would 
provide more flexibility and about three days worth of irrigation water for the golf 
course. Without the larger storage tank, reclaimed water would need to be pumped to 
the existing storage tank continuously in order to maintain an adequate supply for the 
golf course irrigation system. This type of operation would require close coordination 
between the golf course staff and the Pease WWTF operations staff.  
A larger storage tank would allow greater reclaimed water operation flexibility for the 
Pease WWTF. For example, the WWTF staff could choose to operate the reclaimed 
water treatment system only during the day. In addition, when the treated effluent 
does not meet reclaimed water quality standards and the operators stop supplying 
the golf course with reclaimed water, the golf course would not have to immediately 
switch the irrigation system over to potable water. The larger storage tank would give 
the golf course operators a couple days of storage while the WWTP staff resolves any 
treatment process issues.  
At this time, CDM has assumed that the golf course reclaimed water system would be 
designed with a 1 MG storage tank to supply the golf course with up to 300,000 gpd 
of water at flow rate of up to 210 gpm (a storage pond could also be used for this 
purpose, but the adjacent airport is against open pond as they attract birds).  This will 
be the flow rate at which the conveyance system will be evaluated in Section 4.  
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3.2 Potential Users – Pease International Tradeport  
The Pease International Tradeport is a world class business and industrial park 
encompassing 3,000 acres and an airport with a 11,300 foot runway. The Tradeport 
caters to import and export businesses, as Pease offers access to the east coast and 
international trade corridors by land (via Route I-95), by air (via Pease Airport), or by 
sea (via the Port of New Hampshire). There is also a new international/ domestic 
passenger terminal with Federal Inspection Service including customs, agriculture 
and immigration. Also within the Tradeport, there are overnight accommodations, 
restaurants and banquet facilities, credit union and commercial banking, copy and 
printing services, and job training and continuing education facilities. With all these 
amenities and acres of available land, the Pease International Tradeport is a very 
attractive area for continuing growth, which could also benefit with the use of 
reclaimed water.  
According to 2005 water billing records, the top ten water users in the Tradeport area 
are listed in Table 3-2 and shown on Figure 3-1.  
Table 3-2 
Pease International Tradeport Top Ten Water Users 
Facility Name Location Facility Type 2005 Water Usage 
(gallons) 
Lonza Biologics 101 International Dr. Biotech/Biomedical 
Manufacturing  
93,580,036 
Redhook Brewery 35 Corporate Drive Beer Brewery 45,016,884 
Marriot Hotel 1 International Drive Hotel 3,495,404 
Air National Guard  302 New Market Dr. General Office Use, 
Aircraft & Vehicle 
Maintenance 
2,869,328 
Department of State  31/32 Rochester Ave General Office Use 2,627,724 
222 International Dr. 222 International Dr. Multi-tenant General 
Office Use with Light 
Assembly Area 
1,926,848 
Paddy’s Restaurant 27 International Drive Restaurant 1,581,272 
One New Hampshire  One New Hampshire Multi-tenant General 
Office Use  
1,421,948 
Computer Associates 100 Arboretum Drive Multi-tenant General 
Office Use 
1,740,596 
119 International Dr. 119 International Dr. Multi-tenant General 
Office Use 
1,306,008 














































































Reclaimed Water Utilization 
With the exception of Lonza Biologics and Redhook Brewery, the water currently 
used within the Pease International Tradeport is primarily domestic water use within 
office buildings, which will have a limited need for reclaimed water. The City could 
supply reclaimed water to these facilities for toilet flushing, but that would require 
very expensive plumbing retro fits for the buildings. The City could consider 
requiring new buildings in the Tradeport to be constructed to allow the use of 
reclaimed water for toilet flushing and outdoor irrigation. While the new office 
building would realize an extra cost for the additional plumbing, this cost would 
likely be offset by long-term savings associated with using reclaimed water rather 
than potable water for toilet flushing and outdoor irrigation.  
Most of the water use at the Redhook Brewery is for their beer manufacturing process. 
Therefore, there is very limited need for reclaimed water at the Redhook Brewery. 
Similarly, most of the water use at Lonza Biologics is for the manufacturing of 
biomedical/pharmaceuticals products. However, according to Lonza Biologics, the 
facility is projected to be using 80,000 gallons per day of water for cooling towers in 
2009, which is a significant amount of water that could be replaced with reclaimed 
water. If reclaimed water is supplied to Lonza Biologics, CDM assumes Lonza would 
be responsible for re-pumping and/or re-treating the reclaimed water for use as 
cooling water.  
According to CDM’s preliminary hydraulic calculations, it may be difficult to supply 
Lonza Biologics and any other industrial customers in the tradeport area with 
reclaimed water if the existing 250,000 gallon irrigation storage tank is reused. Based 
on the current overflow elevation of the tank, the static pressure at Lonza Biologics 
will be less than 20 psi even when the tank is full. One option is to build a larger and 
taller reclaimed water storage tank at the golf course.  
As discussed in Section 3.1, installing a new 1 MG storage tank at the golf course 
allows for greater reclaimed water operation flexibility for the Pease WWTF and 
provides at least three days worth of irrigation water for the golf course or other 
users. This new reclaimed water storage tank could be built taller to maintain a 
minimum pressure of 35 psi at Lonza Biologics, but the new tank would have to be 
over 60-feet tall to maintain this pressure at Lonza Biologics. The height of this new 
tank could present a problem to the airport and the airport operation. The other 
option would be to build a separate booster station to maintain reclaimed water 
pressure within the tradeport area.  
3.3 Reclaimed Water Implementation Plan  
Based on the potential users identified above, CDM developed this implementation 
plan to provide the City with flexibility in order to maximize potential reclaimed 
water users. This mutli-phased reclaimed water implementation plan allows the City 
to begin by providing the Pease Golf Course with reclaimed water. Once the City is 
able to successfully provide the Pease Golf Course with reclaimed water, the City 
should consider expanding the reclaimed water system to include Lonza Biologics 
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and any other future facility within the Pease International Tradeport. This multi-
phased reclaimed water implementation plan would include the following: 
? Phase I: Implement the treatment upgrades required at the Pease WWTF to 
produce the required reclaimed water quality, install a reclaimed water pumping 
system, install reclaimed water mains from the WWTF to the golf course, connect 
the reclaimed water mains to the existing 250,000 storage tank, and modify the 
irrigation pump and piping system at the golf course as needed to allow for 
pumping reclaimed water and potable water as a backup source.  
As a preferred alternative, construct a 1 MG reclaimed water storage tank near the 
existing irrigation tank if the WWTF is having trouble maintaining supply to the 
golf course. CDM recommends the construction of a glass-fused-to-steel bolted 
tanks, which could be raised as part of Phase II to increase the overflow height and 
provide better reclaimed water pressure to the Tradeport, if need be.  
? Phase II – Expand the reclaimed water treatment system and reclaimed water 
pumping system capacity, install reclaimed water mains to Lonza Biologics and/or 
other potential users in the Tradeport and modify the reclaimed water tank as 
discussed above or construct a new booster station to maintain reclaimed water 
pressure within the tradeport area.  
Overall this implementation plan allows for infrastructure construction flexibility in 
order to cost effectively maximize the use of reclaimed water. 
3.4 Reclaimed Water System Operation  
Traditionally, when a water system is constructed with a supply pumping station that 
feeds a storage tank, the system operation is configured on a “fill and draw” type 
sequence. In a “fill and draw” type sequence, the water level within the storage tank 
controls when the supply pumping station operates. In other words, once the water 
level within the storage tank drops to a preset level, the supply pumping station 
operates to refill the storage tank. Similarly, once the water level within the storage 
tank rises to another preset level, the supply pumping station shuts off.  
As discussed in Section 3.1, the existing 0.25 MG storage tank may be unable to 
maintain sufficient pressure to both irrigation pumping systems when the reclaimed 
water pumping system at the WWTF is not operating. Therefore, the reclaimed water 
treatment train and pumping system would need to operate whenever the irrigation 
pumping systems are operating. This would require either greater operator oversight 
or the installation of additional telemetry equipment to connect the operation of the 
reclaimed water treatment train and pumping system with the golf course irrigation 
pumping systems.  
One option to make the operation with the existing 0.25 MG storage tank less 
complicated is to simply operate the reclaimed water pumping system continuously, 
as long as the treated effluent meets reclaimed water quality. Reclaimed water would 
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simply be allowed to overflow the existing 0.25 MG storage tank, which is piped to an 
existing leaching field (originally constructed as part of a groundwater treatment 
system for the airport) near the runway. This operation could continue even with the 
construction of the new 1 MG storage tank. Overall, this type of operation would have 
the added benefit of increasing the amount of aquifer recharge and the City should 
consider operation of this leaching field when applying for a groundwater discharge 
permit. 
One other reclaimed water operational note for Phase I is that the reclaimed water 
delivery system should be shut-off during the winter months. This shut down would 
include draining the reclaimed water storage tank and the reclaimed water mains to 
prevent freezing of the reclaimed water in the storage tank. The Pease WWTF would 
also shut down the reclaimed water treatment system during winter to save money as 
the higher level of treatment would not be necessary. 
However, if Phase II is implemented, the City and the Pease WWTF would need to 
decide whether to continue supplying reclaimed water to Lonza Biologics and other 
potential users in the Tradeport or switch them to potable water during the winter 
months. The low reclaimed water use during the winter months could lead to ice 
forming in the reclaimed water storage tank and tank overflow piping. In addition, it 
is currently unknown whether the existing 8-inch PVC water main located between 
the 18-hole golf course pumping house and the reclaimed water storage tank was 
installed to an appropriate depth to prevent freezing. This existing 8-inch PVC water 
main depth would need to be confirmed before the decision can be made to supply 
reclaimed water to Lonza Biologics and/or other potential users in the Tradeport 
during the winter months.  
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Based on the potential users identified in Section 3, a mutli-phased reclaimed water 
implementation plan in which the City begins by providing reclaimed water to the 
Pease Golf Course is preferred. Once the City is able to successfully provide the Pease 
Golf Course with reclaimed water, the City could then consider expanding the 
reclaimed water system to include Lonza Biologics and other potential users within 
the Pease International Tradeport.  
This implementation plan allows for infrastructure construction flexibility to cost 
effectively maximize the use of reclaimed water. The infrastructure required to 
implement reclaimed water will mirror the mutli-phased approach recommended in 
Section 3.  
4.1 Phase I – Pease Golf Course Reclaimed Water Supply 
To supply the Pease Golf Course with reclaimed water, CDM recommends designing 
a system that can supply 300,000 gpd of reclaimed water at a flow rate of up to 210 
gpm. The Phase I reclaimed water supply system would consist of the following 
infrastructure: 
? New Reclaimed Water Treatment Train: As discussed in Section 2, the Pease 
WWTF needs to be upgraded in order to produce the necessary reclaimed water 
quality. The initial reclaimed water treatment train would be sized to meet the 
reclaimed water demands at the golf course but could be designed to be 
expandable to provide additional reclaimed water to other Tradeport areas under 
Phase II.  
? New Reclaimed Water Pumping System: Once the wastewater effluent is treated to 
reclaimed water quality standards, the reclaimed water will need to be pumped to 
either the existing 0.25 MG storage tank or a new 1.0 MG storage tank. The new 
pumping system at the treatment facility could be a submersible pumping system 
as discussed in Section 2. The reclaimed water pumping system will be sized to 
supply reclaimed water to the golf course only, but could be easily designed to 
increase supply of reclaimed water under Phase II . 
? New Reclaimed Water Main: Based on preliminary hydraulic calculations, 
installing a 12-inch reclaimed water main from the Pease WWTF to the intersection 
of Rye Street and International Drive and an 8-inch reclaimed water main from this 
intersection to the existing 18-hole golf course irrigation pumping house located 
adjacent to the Smith Well would be required. This configuration will facilitate the 
supply of reclaimed water to Lonza Biologics and any other facilities within the 
Tradeport under Phase II and is shown on Figure 4-1. Final water main size and 
material should be determined during the final design phase.  
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? Irrigation Pumping System Modifications: A new skid-mounted irrigation 
pumping system will be required to supply the 18-hole golf course with reclaimed 
water from the storage tank. The current 18-hole golf course irrigation system 
pumps water from the City’s potable water system. Once the golf course is 
connected to the reclaimed water system and storage tank, the pump suction side 
head will be much lower than current conditions so a new system will be required. 
The new 18-hole golf course irrigation system would include a pressure 
maintenance pump, a variable frequency drive (VFD) to control irrigation pump 
output pressure, and all pump controls and accessories. No modifications are 
required for the 9-hole golf course irrigation pumping system as the existing 
irrigation system is already designed to pump water from the existing irrigation 
storage tank.  
? Irrigation Piping System Modifications: Approximately 1,000-ft of new 8-inch PVC 
irrigation water main is required in order to re-configure the irrigation system for 
reclaimed water. Currently, the existing 8-inch PVC irrigation water main is located 
between the 18-hole golf course irrigation pumping house and the existing 0.25 MG 
storage tank. When the 18-hole golf course irrigation pumps are operating, a valve 
located within the 9-hole golf course irrigation pumping house closes and isolates 
the storage tank and the 9-hole golf course irrigation system from the 8-inch water 
main and the 18-hole golf course irrigation system. This allows the 18-hole golf 
course irrigation system to pump water directly from the City’s potable water 
system into the 8-inch water main and feed the 18-hole golf course irrigation 
system. This also allows the 9-hole golf course irrigation system to pump water 
from the storage tank.  
The proposed reclaimed water configuration is to convert the existing 8-inch PVC 
irrigation water main into a dedicated reclaimed water main that connects the new 
reclaimed water pumping system (at the Pease WWTF) and the storage tank. The 
valve within the 9-hole golf course irrigation pumping house (which currently 
closes during golf course irrigation) would remain open at all times. This will allow 
both golf course irrigation pumping systems to be supplied from the reclaimed 
water storage tank system and will allow the reclaimed water pumping station to 
continuously pump to the reclaimed water storage tank. In addition, this 
configuration will eliminate the need to “piggy-back” pump (i.e., pump from the 
Pease WWTF directly to the 18-hole golf course irrigation pumping system), which 
requires significant operator coordination and attention.  
It is also noted that the golf course club house is fed with a separate 4-inch ductile 
iron water line so no modifications will be required for this pipe. 
? Back-up Potable Water Connection: As with any reclaimed water system used for 
irrigation and/or process water, a back-up potable water supply is needed when 
the treated effluent is not meeting reclaimed water quality standards. The back-up 
potable water connection could be located within the following areas: 
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- Pease WWTF  
- Smith Well Station 
- 18-hole Golf Course Irrigation Pumping House 
It is important to note that the back-up potable water does not need to be pumped; 
therefore, the back-up potable water connection should be located at a convenient 
location for the Pease WWTF staff to operate and needs to be appropriately 
designed to prevent any backflow into the City’s water system. The back-up 
potable water connection should also be designed with the appropriate safe guards, 
including backflow preventers, to prevent anyone other than the Pease WWTF staff 
from activating the connection and to protect the potable water supply. With this in 
mind, it may be most appropriate for the back-up potable water connection to be 
located at the Pease WWTF.  
Regardless of the connection location, when the back-up potable water connection 
is active, the golf course irrigation system operation would need to revert back to 
the existing operating sequence in which the valve located within the 9-hole golf 
course irrigation pumping house closes as required to prevent the storage tank 
from overflowing.  
? New Reclaimed Water Storage Tank (Alternative): As a project alternative, CDM 
recommends the construction of a larger and taller reclaimed water storage tank 
located near the existing irrigation tank. According to our preliminary hydraulic 
calculations, the existing reclaimed water storage tank may be unable to maintain 
sufficient pressure to both irrigation pumping systems when the reclaimed water 
pumping system is not operating. Therefore, the reclaimed water pumping system 
would need to operate at all times.  
The construction of a larger and taller storage tank would allow greater reclaimed 
water operation flexibility for the Pease WWTF staff. For example, the WWTF staff 
could choose to operate the reclaimed water treatment system only during the day. 
In addition, when the treated effluent does not meet reclaimed water quality 
standards and the operators stop supplying the golf course with reclaimed water, 
the operators do not have to immediately switch the irrigation system over to 
potable water. The larger storage tank would give the operators a couple of days to 
resolve any treatment process issues before having to switch the irrigation system 
over to potable water.  
Based on the irrigation water demand of 300,000 gpd for the entire golf course, 
CDM assumed the installation of a 1 MG reclaimed water storage tank. CDM 
recommends that the new tank be glass-fused-to-steel bolted type storage tank. The 
tank should also be pre-engineered for future vertical expansion, if required as part 
of Phase II to provide better reclaimed water system pressure to the tradeport area. 
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4.2 Phase II – Pease International Tradeport Reclaimed 
Water Supply 
To supply Lonza Biologics and any other future facilities within the Pease 
International Tradeport with reclaimed water, the following infrastructure would be 
required to expand the Phase I reclaimed water system: 
? Reclaimed Water Treatment Train Expansion: If the Phase II system were to 
expand beyond 300,000 gpd then additional infrastructure upgrades would be 
required at the Pease WWTF. These would include adding two additional disks to 
the filtration system and possibly adding another UV disinfection vessel. All 
improvements could easily be accomplished as long as this expansion is planned 
for in the original design. The need to upgrade the pumps would have to be 
evaluated at a later date once the extent of the upgrade is known and intermediate 
storage or pumping facilities are planned. 
? New Reclaimed Water Mains: New reclaimed water mains will be required to 
supply the Pease International Tradeport area with reclaimed water in Phase II. The 
extent of these water mains will depend on the facilities to be served and once the 
intermediate storage or pumping facilities are planned. CDM assumed the 
installation of a new 8-inch reclaimed water main from the intersection of Rye 
Street and International Drive to Lonza Biologics in Phase I, as was show in Figure 
4-1.  
? Reclaimed Water Storage Tank Modifications or New Reclaimed Water Booster 
Station: Based on some preliminary hydraulic calculations, it may be difficult to 
supply Lonza Biologics and other industrial customers in the Tradeport with 
reclaimed water using the existing 250,000 gallon storage tank. Based on the tank’s 
current overflow elevation, the static pressure at Lonza Biologics will be less than 
20 psi even when the tank is full. Therefore, one option is to build a taller reclaimed 
water storage tank at the golf course.  
As discussed in Section 4.1 and as an alternative in Phase I, a new 1 MG storage 
tank at the golf course to allow greater reclaimed water operation flexibility and to 
provide at least three days worth of irrigation water for the golf course may be 
more appropriate. This new storage tank could be modified and expanded 
vertically in order to maintain a minimum pressure of 35 psi at Lonza Biologics. But 
the new height of the modified Phase II reclaimed water storage tank would be 
over 60-feet tall to maintain pressure at Lonza Biologics, which could present a 
problem to the airport and the airport operation. 
If the required height of the modified reclaimed water storage tank is unacceptable 
to the Pease Airport, the other option would be to build a separate booster station 
to maintain reclaimed water pressure within the Tradeport. 
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4.3 Planning Level Project Cost Estimate  
The planning level project cost for the construction of the reclaimed water system 
infrastructure presented in this section also follows the mutli-phased project approach 
presented herein. 
4.3.1 Cost Estimating Guidelines 
Estimated planning level project costs are based on CDM’s knowledge of typical 
construction costs in the area since no field work has been conducted as part of this 
feasibility study. Project cost of the reclaimed water system depends on several 
factors, such as pipe sizes and lengths, excavation constraints, paving requirements, 
permitting requirements, pump sizes, treatment system requirements, etc.  
Similar to that discussed for the treatment facility upgrades in Section 2, construction 
costs for the reclaimed water lines were generated assuming a contractor overhead 
and profit of 17 percent and a 45 percent factor was applied to account for engineering 
services, related implementation costs (i.e. permitting) , and project contingency. The 
costs are in May 2006 dollars with an Engineering News Record (ENR) Construction 
Cost Index of 7691.  
4.3.2 Treatment Facility Upgrades 
As discussed in Section 2, the Pease WWTF needs to be upgraded in order to produce 
reclaimed water quality. CDM assumed that a new reclaimed water treatment train 
would be constructed and include disk filters, UV disinfection, and effluent pumping. 
For cost estimating purposes, CDM assumed the initial reclaimed water treatment 
train will be sized for 300,000 gpd for Phase I but expandable to 500,000 gpd for Phase 
II. As can be seen from Table 2-2, the estimated cost for treatment facility upgrades to 
produce an acceptable reclaimed water quality is $1.1 million for Phase I. 
Costs for expanding the treatment train for Phase II will be minimal as both the 
filtration system and UV disinfection system will be sized to simply add additional 
disks and UV vessels, respectively. Additional cost will be approximately $75,000 to 
$100,000. 
4.3.3 Reclaimed Water Mains 
For cost estimating purposes, installation of reclaimed water mains is based on the 
conveyance route shown in Figure 4-1. Phase I includes 2,400-ft of 12-inch water main 
from the Pease WWTF to the intersection of Rye Street and International Drive and 
8,600-ft of 8-inch water main from that intersection to the existing 18-hole golf course 
irrigation pumping house located by the Smith Well. Phase II only includes 1,600-ft of 
8-inch water main from the intersection of Rye Street and International Drive to Lonza 
Biologics. CDM also assumed that the water mains would be purple PVC pipe – 
industry standard color for reclaimed water.  
The unit costs used in developing the planning level cost estimate are shown in Table 
4-1 and the construction costs of the water mains are summarized in Table 4-2. Final 
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water main size and water main material will be confirmed during the final design 
phase. 
Table 4-1 
Unit Costs for Reclaimed Water Main Installation 
Water Main Diameter 
(inch) 
Roadway Water Main       
($ per linear ft) 
Cross-country Water Main 
($ per linear ft) 
8 $150 $125 
12 $175  $150 
Note: 1. Estimated unit costs include construction, engineering and contingency. All costs are in year 2006 dollars 
(ENR CCI May 2006 = 7691). No allowance for legal fees, land taking or easements.  
4.3.4 Irrigation Pumping System Modification 
Since the hydraulic conditions will change with the implementation of reclaimed 
water, CDM assumes a new irrigation pump skid system will be required to supply 
the 18-hole golf course with reclaimed water. For cost estimating purposes, CDM 
assumed the new 18-hole golf course irrigation pump skid system would also include 
a pressure maintenance pump, a variable frequency drive (VFD) to control irrigation 
pump output pressure, backflow preventers, and all pump controls and accessories. 
CDM also assumed no modifications are required for the 9-hole golf course irrigation 
pumping system as the existing irrigation is already designed to pump water from the 
existing irrigation storage tank. See Table 4.2 for the estimated project cost.  
4.3.5 Irrigation Piping System Modification 
As discussed in Section 4.1, installation of approximately 1,000-ft of new 8-inch PVC 
irrigation water main is required in order to re-configure the irrigation system for 
reclaimed water. The unit costs used in developing the planning level cost estimate 
was $125/lf and the estimated project cost is included in Table 4-2.  
4.3.6 Back-up Potable Water Connection  
A back-up potable water supply is needed to maintain supply to the golf course 
and/or other reclaimed water customers whenever the treated effluent is not meeting 
reclaimed water quality standards. CDM assumed the back-up potable water supply 
connection will be located at the Pease WWTF within the proposed precast concrete 
building. For cost estimating purposes, CDM assumed the back-up potable water 
supply connection will consist of a new water service line, new water meter, reduced 
pressure backflow preventer, and isolation gate valves. The estimated construction 
cost of this connection is included in Table 4-2.  
4.3.7 New Reclaimed Water Storage Tank  
As an alternative in Phase I, the City should consider the construction of a larger and 
taller reclaimed water storage tank located near the existing irrigation tank. CDM 
assumed the new reclaimed water storage tank would be a 1 MG glass-fused-to-steel 
bolted tank. CDM also assumed the tank would be pre-engineered for future vertical 
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expansion, if required as part of Phase II. The estimated construction cost of this tank 
is included in Table 4-2.  
4.3.8 Reclaimed Water Storage Tank Modifications or New 
Reclaimed Water Booster Station 
For Phase II, CDM assumed that either the new reclaimed water storage tank installed 
in Phase I would need to be modifications or a new reclaimed water booster station 
would be constructed to supply Lonza Biologics and other industrial customers in the 
Tradeport. Since there is likely little cost difference, for estimating purposes, CDM 
assumed that the new reclaimed water storage tank could be modified and expanded 
vertically in order to maintain a minimum pressure of 35 psi at Lonza Biologics. The 
estimated construction cost of this tank expansion is included in Table 4-2.  
Table 4-2 
Reclaimed Water Infrastructure – Planning Level Cost Summary 
 
 Estimated Planning 
Level Cost 1
Phase I – Pease Golf Course Reclaimed Water Supply:  
Reclaimed Water Treatment Train $1,100,000 
Reclaimed Water Mains  $1,670,000 
Irrigation Pumping System Modifications  $150,000 
Irrigation Piping System Modifications $130,000 
Back-up Potable Water Connection  $50,000 
Reclaimed Water Storage Tank (Optional Alternative) $1,400,000 
Total Phase I – Without Storage Tank
Total Phase I – With Storage Tank
$3,100,000  
$4,500,000 
Phase II –Expansion of Reclaimed Water Supply 
Reclaimed Water Treatment Train Expansion  
 
$100,000 
Reclaimed Water Mains  $240,000 
Reclaimed Water Storage Tank (Expansion) $750,000 
Total Phase II – Reclaimed Water Implementation $1,090,000 
Total Reclaimed Water Implementation (rounded) $4,200,000 to    
$5,600,000 
Note: 1. The estimated planning level costs include construction, engineering and contingency. All costs are in year 
2006 dollars (ENR CCI May 2006 = 7691). No allowance for legal fees, land taking or easements.  
  
As can be seen from the above table, the estimated project cost for Phase I is between 
$3.1 million and $4.5 million depending on whether the City constructs a new 1.0 MG 
storage tank or elects to reuse the existing 0.25 MG storage tank. Phase II which 
expands the reuse water to Lonza will add an additional $1.1 million for a total project 
cost between $4.2 million and $5.6 million.  
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Section 6 examines these costs further as part of a project cost effective analysis.  
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5.1 Overview 
This section provides a preliminary  overview of the permits that may be needed 
prior to implementation of the proposed reuse project. Permits covered in this section 
assume the following work is completed: 
? Construction of a new filtration system, UV system, and pumping station at the 
existing WWTF;  
? Pipelines extending from the existing WWTF to the existing Smith Well; 
? Construction of a new irrigation pumping station for the 18-hole Pease Golf Course 
? Installation of a new pipeline from the Smith Well to the existing 0.25 MG water 
storage tank; 
? Modifications to the existing 9-hole irrigation pumping station for the Pease Golf 
Course; 
? Construction of a new 1.0 MG storage tank 
This memorandum describes the anticipated environmental permits and approvals, 
information needs/next steps, and schedule.   
5.2 Description of Anticipated Permits and Approvals 
5.2.1 US Army Corps of Engineers (Section 10 and/or Section 404) 
Work in wetlands and waterways is regulated by the U.S. Army Corps of Engineers 
(the Corps) under the authority of Section 404 of the Clean Water Act and Section 10 
of the Rivers and Harbors Act.  In New Hampshire, the Corps has developed the State 
of New Hampshire Programmatic General Permit (PGP) to expedite its evaluation of 
permit applications and streamline the permitting process. The purpose of the New 
Hampshire State PGP (NH SPGP) is to minimize duplication between the New 
Hampshire’s Regulatory Program governing work within coastal waters and 
wetlands and the Corps regulatory program under Section 404 of the Clean Water Act 
and Section 10 of the Rivers and Harbors Act. 
There are three categories associated with the NH SPGP using the state defined 
criteria: non-reporting projects (minimum impact projects) and two types of projects 
that will be screened (minor and major impact projects).  The Corps reviews projects 
according to the State of New Hampshire classification of minimum, minor, and 
major projects as per part WT 303, 400, 600.  Projects with impacts up to 3 acres may 
be considered under the NH SPGP.   
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A Minimum Impact Project is non-reporting for projects that impact less than 3,000 
square feet of inland wetlands or waterways and disturb less than 50 linear feet of a 
seasonal stream or dry river channel.  Non-reporting minimum impact projects may 
proceed upon approval from the NH Wetlands Bureau without notification to the 
Corps provided all terms and conditions of the PGP are met.   
Minor and Major Impact Project applications are reviewed by the Corps, New 
Hampshire and Federal resource agencies (U.S Fish and Wildlife, U.S Environmental 
Protection Agency, National Marine Fisheries Service) after approval from the NH 
Wetlands Bureau and a determination made that either: 1) the project meets the 
criteria of the PGP and can proceed with no changes and no additional Corps review 
is needed; 2) additional information is needed before making a permitting decision; or 
3) the project does not meet the PGP criteria and an Individual Permit is required.  
For state defined Minor Impact Projects, applicants may proceed after the 30-day 
review period. For state defined Major Impact Projects, the applicant must wait for 
written authorization from the Corps.   A project is classified as a Minor Impact 
Project when there is 3,000 to 20,000 square feet of impacts to inland wetlands and 
waterways and disturbance of up to 200 linear feet of perennial stream of flowing 
river.  Any project in or adjacent to prime wetlands, in tidal wetlands, tidal buffer 
zone, sand dunes, bogs, or in a wetland that is an exemplary natural community or 
supports endangered or threatened species is classified as a Major Impact Project, 
regardless of the amount of impact.  If impacts to inland wetlands or waterways are 
greater than 20,000 square feet or disturb 200 or more linear feet of a stream or river, a 
project is classified as a Major Impact Project.  
Any project impacting over 3 acres and that does not meet the terms and conditions of 
the NH SPGP will require an Individual Permit from the Corps of Engineers.  In 
accordance with the NH SPGP, the Corps reserves the right to take discretionary 
authority on any project, regardless of impact category, which the Corps determines 
will have more than minimal environmental impact.  
Applicability to Portsmouth Reuse Project 
The proposed project will likely require construction near wetlands, but at this time 
no direct wetland impacts are anticipated.  Therefore, this project is likely to qualify as 
a Minimum Impact Project which is non-reporting project because it will impact less 
than 3,000 square feet of inland wetlands or waterways.  Non-reporting minimum 
impact projects may proceed upon approval from the NH Wetlands Bureau without 
notification to the Corps provided all terms and conditions of the PGP are met.   
5.2.2 New Hampshire Department of Environmental Services 
Groundwater Discharge Permit 
Any wastewater facility that proposes to discharge 20,000 gpd or greater to the 
groundwater or ground surface must obtain a groundwater discharge permit from the 
New Hampshire Department of Environmental Services (NHDES).  Basic information 
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that must be supplied as part of the application process is included in Section 3.0 of 
NHDES Groundwater Discharge Permitting Guidance Document for Recharging Aquifers 
with Reclaimed Water a copy of which is included in Appendix D. 
5.2.3 EPA National Pollutant Discharge Elimination System 
(NPDES) Construction Stormwater Permit 
EPA currently regulates stormwater discharges from construction sites that are 1 acre 
or larger and notification to EPA via the Construction General Permit (construction 
GP) NPDES permit is required for these projects.  In determining acreage, the 
cumulative area of disturbance should be used (plant site and all ancillary facilities).  
Compliance with the Construction GP involves preparing a Stormwater Pollution 
Prevention Plan and submitting a short form, Notice of Intent to Discharge, to EPA.  
This permit is commonly included in the General Contractor’s scope of work during 
the construction phase. 
In New Hampshire the EPA and NHDES have also developed a Construction Site 
Dewatering General Permit (Dewatering GP) for construction sites that disturb less 
than 1 acre of ground surface and that will require discharge of dewatering effluents 
to wetlands or waterways.  Construction site dewatering activities can be included in 
the Construction GP if the SWPPP addresses the control of dewatering discharges.   
5.2.4 New Hampshire Department of Environmental Services, 
Wetlands Bureau Permit 
The NHDES Wetlands Bureau is responsible for enforcement and regulating activities 
within coastal and inland wetlands and waterways through the rules and regulations 
set forth in RSA 482-A. The majority of projects that impact wetlands will require the 
use of one of two applications, the Standard Dredge and Fill Application or the 
Minimum Impact Expedited Application.  Based on the Federal NHSPGP and 
NHDES rules, each project that requires a wetlands permit is classified in one of three 
categories according to the potential impact of the project (minimum, minor, major).     
The classification scheme is briefly described above and in the NHDES Rules (Part 
Wt302).  In addition, any project that proposes to impact an area in or adjacent to 
prime wetlands, in tidal wetlands, tidal buffer zone, sand dunes, bogs, or in a wetland 
that is an exemplary natural community or has endangered or threatened species, is 
classified as a major project regardless of the amount of impact requested.  The 
Expedited Permit Process for Wetlands Minimum Impacts projects allows the 
Department of Environmental Services Wetlands Bureau staff to issue permits 
without the N.H Wetlands Board action within thirty days from receipt of a 
completed application for certain minimum impact projects.  However, for NHDES to 
process a Minimum Impact Expedited application within thirty days, the signature by 
the local Conservation Commission is required.   
Note, in the Standard Dredge and Fill Application, the applicant will need to explain 
why the proposal has less environmental impact on wetlands than other reasonable 
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alternatives. The application will need to illustrate why the proposal is the least 
impacting alternative by showing a reason or need for the project and by showing 
that wetland impacts have been avoided or minimized wherever possible.   
Applicability to Portsmouth’s Reuse Project 
The proposed project will likely require construction near wetlands, but at this time 
no direct impact is anticipated.  Therefore, this project will likely require only a 
Minimum Impact Expedited Application.  Agencies should be contacted at the 
beginning of the final design phase to determine if endangered or threatened species 
are present. 
5.2.5 Communication with Federal and State Agencies 
As part of the NH wetlands permitting process, communication will be required with 
the U.S. Fish & Wildlife Service; NH Fish & Game Department; NH Department of 
Resources and Economic Development – Natural Heritage Inventory and the State 
Historic Preservation Officer (SHPO) to assess potential project impacts on plants, 
fish, and wildlife that may be within the project corridor including: rare, special 
concern species; state and federally listed threatened and endangered species; 
migratory fish and wildlife, exemplary natural communities, and cultural resources 
(historic and archaeological sites).  
Applicability to Portsmouth’s Project 
Correspondence including the project description, a USGS project location map and 
site photographs should be sent to the agencies listed above prior to submitting the 
Standard Dredge and Fill Application to NHDES (approximately one month) so that 
relevant correspondence from the agencies can be incorporated into the application.  
5.2.6 Alteration of Terrain Permit (Site Specific) 
NH DES Water Division issues these permits under NH Administrative Rules Env-
Ws 415.  Alteration-of-Terrain permits (a.k.a. Site Specific Permit-RSA 485-A:17) are 
designed to protect New Hampshire surface waters by minimizing soil erosion and 
controlling stormwater runoff. A permit will be obtained from the division prior to 
commencing any construction, earth moving or other significant alteration of the 
characteristics of the terrain when a contiguous area of 100,000 square feet or more 
will be disturbed. (Developments and earth removal operations, a contiguous earth 
disturbance of 100,000 square feet including building area, parking, driveways, 
roadways, utility construction, landscaping and borrow areas would require a Site 
Specific permit.)  
5.2.7 Historical/Archaeological Preservation Review & 
Compliance 
The Historic Preservation Act requires project areas be evaluated to determine the 
presence of cultural resources.  All federally funded, licensed, or assisted projects in 
New Hampshire are subject to the review requirements of Section 106 of the National 
A  5-4 
 
Section 5 
Possible Permits and Other Approvals 
 
Historic Preservation Act of 1966, as amended (16U.S.C. 470), implemented by the 
federal Advisory Council on Historic Preservation’s procedures, Protection of Historic 
Properties (36 CFR Part 800).  All NH state-licensed, assisted, or contracted projects, 
activities, and programs are subject to the review requirements of a similar state law, 
RSA 227-C:9, as implemented by state administrative rules.  State agencies, 
departments, commissions, and institutions are required to submit such undertakings 
to the SHPO of the Division of Historical Resources for an initial determination of 
whether such proposed actions are located in or may affect cultural resources.  
If a project is conducted entirely with local or donated funds, and no federal or state 
funds or programs are involved or no state permits are required, then review by the 
division of Historical Resources is usually not required because it is the federal or 
state funding or permitting which triggers the historic preservation review; if federal 
or state funds become involved later, or there is the need for federal or state permits 
the project should then be submitted to the Division of Historical Resources for 
review. 
Applicability to Portsmouth’s Reuse Project 
The procurement of State Revolving Fund (SRF) funding as well as the need for a 
Wetland Bureau Permit would trigger the requirement for historical / archaeological 
preservation review and compliance.  Construction of the proposed facilities will 
likely not require clearing of undeveloped areas; however, correspondence with the 
SHPO is still necessary.  Correspondence should include such items as a narrative 
description of the proposed project, the project’s area of potential effects (including 
secondary areas or impacts); the nature and extent of any past development or 
disturbance on the subject property (including the location of existing utilities, 
previous landscape alterations, and when these changes were made), a photocopy of 
the relevant portion of a soils map and/or soil boring log for ground-disturbing 
projects, a USGS project location map along with a site plan and photographs of the 
project site. To avoid delays in the project, a letter should be sent to the NH Division 
of Historical Resources during the planning phases to determine the presence of 
historic and/or archaeological resources on the site. 
5.2.8 Portsmouth Conservation Commission 
Continued coordination with the Conservation Commission is suggested during the 
planning phases for the project.   Approval from the Conservation Commission is 
received through the NH DES Standard Dredge and Fill Application process.  The 
Conservation Commission will provide written correspondence to the NH DES with 
their approval or any issues they may want addressed through the permitting 
process.  Projects need to be in compliance with local wetlands setback requirements. 
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6.1 Study Summary 
In order to implement a reclaimed water project at the Pease International Tradeport, 
the City of Portsmouth will be required to make improvements to the existing Pease 
WWTF and participate in improvements at the Pease golf course.  Additionally, 
reclaimed water mains must be constructed to transport water to the Golf Course.   
Improvements at the WWTF include effluent filtration, high level disinfection and 
reclaimed water pumping.  Improvements at the golf course include a new pumping 
system for the 18-hole golf course, 1000 feet of additional water main and possibly a 
new storage tank. 
The project could be constructed in phases such that 300,000 gpd of reclaimed water is 
provided to the golf course under Phase I and additional users are brought online in 
Phase II.  At this time, Lonza Biologics is the only identified potential user for Phase II 
and they are predicted to want approximately 80,000 gpd for cooling water in 2009. It 
is very likely; however, that the demand for reclaimed water will increase over time 
should it be made available. 
The estimated project cost for Phase I is between $3.1 million and $4.5 million 
depending on whether the City constructs a new 1.0 MG storage tank or elects to 
reuse the existing 0.25 MG storage tank. Phase II which expands the reuse water to 
Lonza will add an additional $1.1 million for a total project cost between $4.2 million 
and $5.6 million.  
6.2 Reclaimed Water Implementation Cost Analysis   
In order to compare the cost of implementing reclaimed water in the recommended 
phased approach, the amount of reclaimed water used in each phase needs to be 
considered. For Phase I, CDM assumed supplying 15 MG annually for the Pease Golf 
Course and for Phase II CDM assumed supplying an additional 29 MG annually 
(80,000 gallons per day) for Lonza Biologics. Assuming the capital costs of Phase I and 
Phase II will be paid back over a period of 20 years using a loan at 5 percent interest, 
the approximate annual debt service for the reclaimed water infrastructure can be 
calculated. By dividing the annual debt service by the amount of reclaimed water 
used, the average cost of reclaimed water for each phase can be estimated on a per 100 
cubic foot (hcf) basis.  
For Phase I, the cost for constructing the reclaimed water system to supply the Pease 
Golf Course with 15 MG of reclaimed water will range from $12.40/hcf to $18.00/hcf. 
For Phase II, the cost for constructing the reclaimed water system to supply the Lonza 
Biologics with 29 MG of reclaimed water will be an additional $2.26/hcf. Overall, the 
cost for constructing the reclaimed water system to supply the Pease Golf Course and 
Lonza Biologics with a total 44 MG annually of reclaimed water will range from about 
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$5.40/hcf to $7.50/hcf. If other users are identified these costs would decrease even 
further. 
These values are essentially the price that the City would have to charge to recover 
only the capital cost of constructing the reclaimed water system (not including annual 
operation and maintenance). For comparison, the current water rate for the City is 
$1.67/hcf. Therefore, in 2006 dollars it is cheaper on a known cost basis for the City to 
continue to supply the Pease Golf Course and Lonza Biologics with potable water.  If 
the City assumes that water rates escalate at 4 percent per year for 20 years, the City’s 
current water rate will escalate to about $3.40 in the year 2026. If current rates increase 
faster, the cost effectiveness of reuse improves faster. 
Because the City provides 15 MG annually to the golf course, this water is not 
available to other users.  The above analysis does not take into account the cost that 
would be incurred if the City of Portsmouth had to develop a new water supply to 
support new or existing customers.  If a new water supply was required, or will be 
required in the near future, the above analysis would need to include these supply 
development costs and it is then quite possible that use of reclaimed water could 
become the most cost effective approach. 
6.3 Conclusions 
As is typical for reuse projects in New England, reuse in Portsmouth is not cost-
effective from a purely financial basis.  If the City’s water rates escalate at a pace 
higher than 4 percent per year assumed herein or if a new water supply becomes 
necessary to support the 15 MG annual golf course usage, then it is quite likely that 
the project would become financially sound. 
An important item of consideration is that most proposed reuse projects in New 
England are also not cost-effective from a purely financial basis.  There are always 
other drivers that make these projects attractive to both municipalities and the end 
users.  These drivers have included golf course water withdrawal restrictions 
imposed by regulators, municipal treatment plants looking for more effluent disposal 
capacity and hence another disposal source, and regulators looking to reuse as a 
means to recharge a stressed groundwater aquifer rather than continuing to allow 
discharge to a surface water. 
Reuse in Portsmouth may not on the surface appear feasible, but other environmental 
and institutional factors need to be considered.  Specific factors to Portsmouth that 
should be considered when evaluating moving reuse forward include the following: 
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? Cost of development of a new water source is significant.  Pursuing reuse may 
postpone or eliminate this need.  
? Availability of reclaimed water could attract high-water use companies to the 
Tradeport thereby creating jobs and increasing the tax base. 
? Applying reclaimed water to the golf course will reduce the need for nitrogen 
enriched fertilizers at the golf course.  This reduces the nitrogen levels to the 
groundwater (and hence improves the water quality in the zone of influence to the 
Haven and Smith Wells). 
? Applying reclaimed water to the golf course recharges the zone of influence to the 
Haven and Smith Wells rather than simply discharging the water to the river, 
which could potentially increase the capacity of these supply sources. 
? Applying reclaimed water to the golf course reduces nitrogen loading to the 
Piscataqua River and the estuarine environment. 
The above factors are difficult at this time to mathematically incorporate into a cost 
effective analysis, but need to be considered carefully when evaluating whether or not 
to pursue reuse at the Pease WWTF. 
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